Commercial zein was base-hydrolyzed and purified extracts were subjected to gas chromatography-selected ion monitoringmass spectrometry analysis. Indoleacetic acid (IAA) was shown to be released from this storage protein of corn (Zea mays IAA is influential in controlling one or more aspects of seed and fruit development (1). For this reason, a substantial amount of research has been devoted to the quantification of IAA in these tissues. This is exemplified by cereal grains such as corn (Zea mays), in which the level of IAA is relatively high (2).
IAA is influential in controlling one or more aspects of seed and fruit development (1) . For this reason, a substantial amount of research has been devoted to the quantification of IAA in these tissues. This is exemplified by cereal grains such as corn (Zea mays), in which the level of IAA is relatively high (2) .
The amount of IAA in a cell is controlled by the rates of synthesis, degradation, and conjugation ofthe hormone. With respect to the latter process, two of the more common auxin conjugates found in the corn kernel are IAA-inositol and IAAinositol-arabinoside. The most abundant IAA conjugate in the corn kernel, however, is a cellulosic glucan with up to 50 glucose units per IAA (9) . Protein conjugates of IAA were also reported many years ago for other plant species, but the earlier workers used bioassays for quantification of bound IAA and thus the exactness of their results might be held in question (3, 12) . One might also suspect that tryptophan could have been spontaneously converted to IAA in the earlier studies, although such suspicion seems hardly justified with respect to Berger and Avery's (3) work with zein, the major storage protein in the corn kernel, because tryptophan has not been found in this protein (24) . Of the more recent era, which saw the advent of a greater sophistication in methods, Percival and Bandurski (19) identified an IAA-glucoprotein which accounted for 80% of the acetone extractable IAA in the oat kernel. Still more recently, Bialek and Cohen (4) used physico-chemical methods to characterize a major IAA-containing peptide in the seeds ofPhaseolus vulgaris. Subsequent work (5) showed that this 3 kD peptide was immunologically related to four larger molecular mass proteins (15- (16) . The purpose of the present study was twofold. First, to provide confirming physico-chemical evidence for the attachment of IAA to the storage protein in Zea mays, and second, to show the natural occurrence of the IAA-protein complex through the use of immunogold labeling. Immunocytochemistry has been used to study the distribution of cytokinins (11) and abscisic acid (22) vacuum evaporator and dried under a stream of N2. Zein, which had precipitated in the aqueous component, was recovered with low-speed centrifugation. The pellet was dissolved in 70% ethanol (v/v) and then dialyzed repeatedly against water. The lyophilized protein was subjected to strong alkaline hydrolysis which was carried out at 100IC for 3 h in 7 N NaOH. IAA was extracted from the reaction mixture using the partitioning process as described above.
Purification and Derivatization of IAA
The dried concentrate containing released IAA was dissolved in 20 uL of methanol and subjected to TLC on polyamide plates (Baker-Flex) containing a fluorescence indicator. The solvent system (methanol:ethyl acetate, 1:4) was used to develop the chromatogram. The area of the chromatogram that corresponded to that of UV fluorescence-quenching IAA was cut from the support, placed in methanol, and sonicated. The polyamide matrix was removed using lowspeed centrifugation (5000g for 10 min) and the supernatant collected and dried under N2.
The dried material was methylated using ethereal diazomethane and another TLC was performed according to previously described methods (5) . Areas of the chromatogram that corresponded to authentic methylated IAA were cut from the gel matrix and dissolved in acetone. After sonication for 3 min, the silica gel was removed using low-speed centrifugation. The supernatant was collected and dried under a stream of N2. The dried material was trifluoroacetylated using trifluoroacetic anhydride (8 Immunofluorescence of Mature Endosperm Figure 3 shows the result of an immunofluorescence experiment wherein the nonimmune antibody, P3X63, was used as a control at the same concentration as the primary antibody probe. Results showed that little if any nonspecific staining was visible. Some autofluorescence of cell walls was observed. Figure 4 shows the result of an experiment wherein the McAb served as the primary antibody. Positive staining, which is indicative of the presence of the bound growth regulator, is visible in the fresh hand-cut sections of endosperm. There is a marked fluorescence that appears to emanate from the surface of amyloplasts. It is unclear, however, whether this rinsed again with the TBST buffer and finally with water. After drying, the sections were stained with uranyl acetate and lead citrate. Specimens were examined with a Hitachi 600 electron microscope operated at 75 kV.
RESULTS

GC-Selected Ion Monitoring-MS Analysis
Mass spectra revealed the presence of IAA in base-hydrolyzed purified zein extracts, thus confirming our earlier report (16) . Figure 2a shows partial mass spectra of IAA and [13C6] IAA which served as an internal standard. The analog was added in this instance to give a molar ratio of 3:1 (analog/ IAA). Figure 2b shows a partial mass spectrum ofendogenous IAA obtained from base-hydrolyzed zein, and it also shows the analog which had been added early in the extraction procedure. Illustrated ions are rounded to the nearest whole mass. Using ratios of molecular ions 285.0613 and 291.0814, along with base peaks 226.0480 and 232.0681 for determining endogenous IAA and analog, respectively, results from five analyses gave an average of 5 ug of IAA which had been bound to 100 mg zein. Quantitation was obtained by applying MS values to a standard curve of known molar ratios of [13C6] IAA to IAA. staining is confined to the amyloplast envelope or is a result of small, positive-staining structures, such as protein bodies, which are pressed against the amyloplast.
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Several auxin esters are present in corn (9) and the McAb recognizes, albeit weakly, some ofthese low mol wt conjugates (17) . Because all of the low mol wt conjugates of corn are £ water soluble, those that might be available for staining are presumably washed away from the tissue layers; hence, the -.
labeling of hand-cut slices as seen in the light microscope # T-1-probably indicates IAA that is attached to insoluble complexes at the surface or near the surface of cells. These might be IAA conjugates heretofore undescribed or they might be the IAAglucan described (20) . Because (Fig. 7) . These particles are present within the protein bodies and also appear to be associated *'. ;., '._. 4 with the membrane. In addition, the immunoelectron micro--^/* graph of dually labeled protein bodies shows the concomitant presence of IAA with a-zein (Fig. 8) study also strongly supports the conclusion that there is a naturally occurring association between IAA and zein, and it diminishes the possibility that this association is an artifact of the extraction process. The presence of labeling, however, associated with the membrane of the protein body has yet to be confirmed by physico-chemical means.
Berger and Avery (3) were the first to report that an auxin precursor with "zein-like" properties was present in maize kernels; however, they dismissed the importance of an IAAzein interaction. But the finding of IAA associated with a major storage polymer of the protein body may have possible significance. In maize and several other cereals, protein bodies are derived from the ER (7) . This suggests an intriguing relationship for IAA receptors that may be present on the ER. Hesse et al. (13) established that the major binding protein for auxin in maize coleoptiles is in a luminal component of the ER. This agrees with an earlier model of ER-transported IAA (21) . Another possible connection of hormone to storage protein arises from the recent report that auxin induced the synthesis of three classes of zein (18) .
The simplest hypothesis is that the protein body is one of possibly several sites of auxin storage and that IAA is released from zein during the germination process. The retention of 1 mol auxin/ 175 mol commercial zein, which is obtained from mature kernels, does not refute this hypothesis, nor does the fact that a developmental study using Western blot analysis has also shown that some IAA remains attached to the protein up to 100 h after germination (17) . Some bound IAA may have been lost during commercial preparation of zein or during the purification steps; thus, the molar ratio of IAA to zein is perhaps a conservative estimate. A quantitative study of zein-bound IAA in young kernels has not been done. Therefore, the implications of compartmentalized auxin for the developing and germinating seed have yet to be determined.
